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The production process of quarkonia in proton-proton (pp) collision is a very good probe of the
parton structure of the proton. Recent experimental data of the production of J/ψ+vector boson
or quarkonium pairs at the LHC and Tevatron suggest the relevance of double parton scatterings
(DPS). We discuss here the single parton scattering (SPS) contribution to the J/ψ+Z, J/ψ+W ,
and J/ψ + J/ψ productions in hadron collisions. By revisiting the computations of the SPS
contributions to the J/ψ+Z and J/ψ+W productions, we demonstrate that the ATLAS data in
fact show evidence for DPS.
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1. Introduction
The study of quarkonium production at colliders can be used to probe perturbative and nonper-
turbative properties of QCD. Indeed, the production of J/ψ+W was proposed as a golden channel
to probe the color-octet contribution and thus to test the nonrelativistic QCD (NRQCD) [1]. It is
also interesting in the point-of-view of the search for new physics beyond the standard model. The
ϒ+W production process could be a decay channel of a charged Higgs boson [2]. The associated
production of a quarkonium and a photon was proposed to constrain the quarkonium-production
mechanisms [3, 4, 5, 6, 7] and to study the gluon distribution in the proton [8, 9]. On the other
hand, the J/ψ+ J/ψ production could be a key process to study double parton scatterings (DPS)
[10, 11, 12, 13] and to look for linearly polarized gluons in the proton [14]. Accurate studies of
the DPS are also important in the context of beyond the standard model physics, since it may be a
significant background in multi-particle final states of high-energy pp collisions.
The experimental study of the quarkonium associated production recently experienced much
progress. The ATLAS Collaboration observed the J/ψ+W [15] and J/ψ+Z [16] final states. The
experimental data of J/ψ + J/ψ production was also studied by many experiments, such as D0
[17], CMS [18], ATLAS [19], and LHCb [20, 21] Collaborations. On the other hand, theoretical
computations of J/ψ+W and J/ψ+Z via single-parton scatterings (SPS) were carried out up to
NLO in αs [22, 23, 24, 25] whereas only partial NLO NRQCD contribution exists for J/ψ+ J/ψ .
In this proceedings contribution, we report on the SPS contribution to the J/ψ+W , J/ψ+Z,
and J/ψ+ J/ψ [13, 26, 27, 28] productions in the color evaporation model (CEM).
2. Analysis of ATLAS data for J/ψ+Z and J/ψ+W productions in the CEM
At high energies, multiple parton interactions can become relevant, despite of being formally
higher twist. They are in fact necessary to restore the unitarity of the cross section and are enhanced
by the strong increase of the parton density at high energies. Double hard parton scatterings fall in
this category. Assuming that both parton collisions occur independently, one usually parametrizes
the DPS cross sections by the so-called pocket-formula:
σDPS(A+B) =
1
1+δAB
σ(A)σ(B)
σeff
, (2.1)
where δAB = 1 for the J/ψ+ J/ψ final state and δAB = 0 for the J/ψ+W/Z ones. We plot in Fig.
1 the current situation of the extractions of σeff.
Table 1: Comparison of the experimental data of ATLAS with several theoretical results.
ATLAS DPS (σeff = 15 mb) CSM COM
J/ψ+Z 1.6±0.4 pb [16] 0.46 pb 0.025−0.125 pb [24] < 0.1 pb [23]
J/ψ+W 4.5+1.9−1.5 pb [15] 1.7 pb (0.11±0.04) pb [25] (0.16−0.22) pb [22]
Let us compare the experimental data of ATLAS for the J/ψ +W and J/ψ +Z productions
with several results of theoretical calculations. The comparison is shown in Table 1. We see that
the results of ATLAS are significantly above the SPS contribution (color singlet model and color-
octet mechanism, abbreviated as CSM and COM, respectively), and the DPS with σeff, determined
1
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Figure 1: Comparison of σeff extracted by several experiments and theoretical calculations from the J/ψ+
Z/W and double quarkonium productions [29]. Quarkonium related extractions are in color.
by the ATLAS W+ 2jets data (σeff = 15 mb). They can only account for a fraction of the data
(deviations of > 3σ for J/ψ +Z, > 2σ for J/ψ +W ). A natural question then arises: is the SPS
underestimated?
To estimate the upper limit of the SPS, we use the CEM. In the CEM, the quarkonium final
state is formed when the invariant mass of the heavy quark pair remains below the open-heavy
flavor threshold, and the cross section is then derived from
σ
(N)LO, directprompt
J/ψ = P
(N)LO, directprompt
J/ψ
∫ 2mD
2mc
dσ (N)LOcc¯
dmcc¯
dmcc¯, (2.2)
where P (N)LO,promptJ/ψ = 0.014 (LO), 0.009 (NLO) [30] is expected to be nonperturbative but uni-
versal. The single-quarkonium production in the CEM overshoots the experimental data at high
transverse momentum pT [31, 32, 30]. This is due to the dominance of the gluon fragmentation.
The same phenomenon is expected to occur for J/ψ +W and J/ψ + Z productions. The CEM
gives us a conservative upper limit on the SPS yield. We compute it in both cases at NLO with
MADGRAPH5_AMC@NLO [33].
We now show the results for the J/ψ + Z and J/ψ +W productions. From the NLO CEM
2
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Figure 2: The pT dependence of the J/ψ in the J/ψ +Z [30] and J/ψ +W [29] production cross section
calculated in the CEM. The experimental data of the ATLAS Collaboration [16, 15] are also shown.
calculation, we have [30, 29]
σJ/ψ+Z = 0.19+0.05−0.04 pb, (2.3)
σJ/ψ+W = 0.28±0.07pb, (2.4)
where the error bars are the combined statistical and systematic uncertainties. We see that the upper
limits by the CEM alone do not solve the discrepancy between the SPS and the measurements in
particular at low pT (also compare with the numbers in Table 1).
Let us now see whether this gap disappears by increasing the DPS. We fit σeff to the ATLAS
data with the SPS contribution subtracted. The results for the pT differential cross section are
shown in Fig. 2. By fitting the difference between the experimental data of inclusive total cross
section measurements and the CEM predictions, we obtain σeff = (4.7+2.4−1.5) mb for the J/ψ+Z
production [30], and σeff = (6.1+3.3−1.9) mb for that of J/ψ+W [29], which are in agreement with
each other. Increasing the DPS seems to solve the puzzle. We note that the SPS yield favored by
the ATLAS acceptance remains visible at ∆φ = pi (see Fig. 3) in the uncorrected ∆φ distributions.
3. J/ψ+ J/ψ in the CEM
The J/ψ + J/ψ production was measured by CMS [18], D0 [17], ATLAS [19], and LHCb
[21] Collaborations. The extraction of the DPS contribution was only performed by D0 (σeff =
(4.8± 0.5stat± 2.5sys) mb) and ATLAS (σeff = (6.3± 1.6stat± 1.0sys) mb). In Ref. [13], σeff =
(8.2± 2.0stat± 2.9sys) mb was extracted from the experimental data of CMS based on the NLO?
SPS calculations [26] in CSM with the help of HELAC-ONIA [34, 35]. There is however an on-
going discussion about the actual size of the SPS in NRQCD [27]. The LO COM yield depends on
the square of nonpeturbative color-octet long-distance matrix elements (LDMEs) in NRQCD and
is thus affected by large uncertainties.
3
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Figure 3: The event distribution in ∆φ of the J/ψ + Z [30] and J/ψ +W [29] production cross section
calculated in the CEM. The experimental data of ATLAS Collaboration [16, 15] are also shown.
10
-5
10
-4
10
-3
10
-2
10
-1
10
0
 10  20  30  40  50  60  70  80
d
!
/d
M
"
"
 [
n
b
/G
e
V
]
|M""|
CEM(LO)
CMS(2014),7TeV
10
-4
10
-3
10
-2
10
-1
10
0
10
1
 0  0.5  1  1.5  2  2.5  3  3.5  4
d
!
/d
|"
y
| 
[n
b
]
|"y|
CEM(LO)
CMS(2014),7TeV
Figure 4: The invariant mass (left panel) and ∆y (right panel) distributions of J/ψ-pair production with the
center mass energy 7 TeV (CMS setup).
To get the order of magnitude of the contribution from the color-octet transitions, we evaluate
the J/ψ + J/ψ production in the CEM at LO. The CEM yield should give another indication of
what the SPS contributions could be at large invariant mass and ∆y. The result is displayed in Fig.
4. We note that the CEM is lower than the LO NRQCD result of Ref. [27]. As such their result may
indeed be optimistic, with an debatable choice of the LO LDMEs. This reinforces our confidence
in our extraction made in Ref. [13] of σeff = 8 mb.
4. Conclusion
In summary, we studied the production processes of J/ψ+W/Z at the NLO and J/ψ+ J/ψ
at the LO in αs, relying on a quark-hadron duality. The associated production of J/ψ +W/Z
was measured by ATLAS, and a gap between the experimental data and a SPS+DPS estimation
4
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(σeff = 15 mb) was seen. In order to check whether the SPS was underestimated, we evaluated the
NLO CEM yields of J/ψ +W/Z. We found that the conservative upper limits set by the CEM
do not solve the discrepancy between the ATLAS data and the SPS with a DPS evaluated with
σeff = 15 mb. By fitting σeff, we obtained σeff = (4.7+2.4−1.5) mb (J/ψ+Z), and σeff = (6.1
+3.3
−1.9) mb
(J/ψ+W ). In fact, J/ψ+W/Z shows evidence for DPS. Fig. 1 summarizes the current status of
σeff. All the central rapidity quarkonium data are compatible with a small σeff. The J/ψ + J/ψ
production also requires the DPS contribution with σeff < 10 mb at large invariant mass and ∆y.
Overall, σeff seems to be smaller for centrally-produced quarkonia than for jets, which is maybe a
hint for the flavor dependence of DPS.
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